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In the realm of gene expression, as in real estate, location is key. In this Select, we present two
cases in which a specific histone modification causes changes to the local chromatin architecture,
in turn impacting nearby gene regulation, and an example of how the spatial organization of loci
creates an environment that leads to coregulation of distant genes.A mechanism reveals how Swi6 spreads heterochromatin,
silencing gene expression.HP1 Spreads the Word
A classic example of how chromatin architecture regulates
gene expression is the formation and spread of heterochro-
matin, a repressive state marked by histone H3 lysine 9
methylation (H3K9Me). In humans, heterochromatin protein 1
(HP1) binds to H3K9Me and is required for spreading of
heterochromatin, but the mechanism of its action has been
unknown. Now, a series of biophysical experiments reported
by Canzio et al. (2013) demonstrate the intricate workings of
Swi6, the fission yeast homolog of HP1, providing a model
for the spread of heterochromatin. They observe two distinct
conformational states of Swi6 dimers: a closed, autoinhibitedstate and an open state that can bind to H3K9me. In the autoinhibited state, one monomer of Swi6 blocks the
H3K9Me binding site of a second monomer through an amino-acid loop that mimics the histone tail. Although not
perfectly conserved, a similar sequence exists in HP1, suggesting conservation of the mechanism. In the open state,
Swi6 binds to H3K9Me and makes additional contacts with nucleosomal DNA. Disrupting these contacts disrupts
heterochromatin in live-fission yeast. Although not directly shown, the authors suggest that the two distinct states of
Swi6 have different protein interacting partners, which could facilitate not only the formation and spreading of hetero-
chromatin in the case of the open state but also the prevention of further spreading in the case of the closed state.
Canzio, D., et al. (2013). Nature 496, 377–381.Model depicting the switch in SWR-C substrate specificity
in the presence of H3K56Ac. Image by C. Petersen.SWRC Is a Switch Hitter
Histone exchange and nucleosome turnover are rapid, dynamic
processes that contribute to gene expression and that generate
flexibility in the epigenome. The histone variant H2A.Z marks
genes that are poised for activation and increases the rate of
nucleosome turnover. It has been observed that the character-
istics of H2A.Z-containing nucleosomes are similar to those of
nucleosomes marked with histone H3 lysine 56 acetylation
(H3K56Ac). Recent work by Watanbe et al. (2013) elucidates
the connection between these two hallmarks. H2A.Z is depos-
ited by the chromatin remodeling enzyme SWR-C; however,
Watanbe and colleagues demonstrate that the substrate
specificity of SWR-C switches to promote H2A.Z eviction in
the presence of H3K56Ac. Investigating further, they show that a conserved subunit of SWR-C, Swc2p, which is
required for deposition of H2A.Z, promotes eviction of H2A nucleosomes and prevents SWR-C from acting on
H2A.Z-containing nucleosomes, effectively locking H2A.Z in place. The H3K56 residue is in close proximity to the
Swc2p binding site on H2A.Z, indicating that H3K56Ac may disrupt Swc2p binding or function, leading to the switch
in substrate affinities. Genome-wide analyses in yeast with hyperacetylated levels of H3K56Ac show widespread
reduction in H2A.Z at SWR-C-dependent genes. In addition, they confirm that H2A.Z incorporation is reduced in vivo
in an H3K56Q mutant (which mimics constitutive H3K56Ac). The cycle between H2A and H2A.Z exchange may in turn
lead to destabilization of the nucleosome, aiding in the transcriptional initiation of poised genes.
Watanabe, S., et al. (2013). Science 340, 195–199.Cell 153, May 23, 2013 ª2013 Elsevier Inc. 935
Insulators play a role in directing genes to
transcription factories, which enhances their
expression.Insulators: Getting the Gang Together
In addition to local chromatin architecture, the location of a gene within
the nucleus also influences its expression. For example, recruitment of
actively transcribed genes to transcription factories increases their
expression levels, whereas genes that are localized to Polycomb bodies
remain stably repressed. One mechanism for such partitioning involves
insulators, which can direct the localization of repressed genes to Poly-
comb bodies. However, it remains unclear how active and repressed
genes are differentially localized. To explore this, Li et al. (2013) use a
combination of live imaging and 3C assays to determine how the
transcriptional state of a gene affects its localization. They generated
transgenes harboring both an insulator and enhancer elements regu-
lating a reporter gene and monitored its nuclear localization. They find
that the addition of an enhancer mediates targeting to both transcription
factories (in the case of active genes) and Polycomb bodies (in the case
of repressed genes). The colocalization of genes at specific sites in the
nucleus occurs most strongly when the genes share the same enhancer.Similar results are obtained when they monitor endogenous genes. These long-range interactions are mediated not
only by insulators and enhancers but also by CTCF. They suggest that CTCF may be posttranslationally modified,
which could direct the choice of localization in either a transcription factory or a Polycomb body. Moreover, the recruit-
ment of loci to transcription factories is strongly enhanced and stabilized by Trithorax, the homolog of the mammalian
MLL1. This suggests that Trithorax may contribute to the epigenetic maintenance of the active state by stabilizing
association with a transcription factory. These results demonstrate that insulators do more than passively block
enhancers and silencers; they are critical for formation of long-range interactions between coregulated genes.
Li, H.-B., et al. (2013). PLoS Genet. 9, e1003436.
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